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This invention relates to glassy molecularly de- 
hydrated phosphates useful for a vaiety of pur- 
poses. The present application is a continuation- 
in-part of my application Serial No. 505,605, filed 
October 9, 1943, now Patent No. 2,539,305 issued 
January 23, 1951, which in turn is a continuation- 
in-part of my application Serial No. 222,258, filed 
July 30, 1938, now abandoned. In those applica- 
tions I bave disclosed a process of inhibiting the 
precipitation of calcium carbonate in water by 
fiowing the water in contact with very slowly 
water-soluble molecularly dehydrated phos- 
phares. In the present application I claire cer- 
tain very slowly water-soluble molecularly de- 
hydrated phosphates which are disclosed but hot 
claimed in the above referred to copending ap- 
plications. 
The glassy molecularly dehydrated phosphates 
herein claimed bave various applications in ad- 
dition to their function of stabilizing water 
against the precipitation of calcium carbonate 
as disclosed in my above referred to copending 
applications. They may be employed to stabflize 
iron-bearing waters so that "red water" and ob- 
jectionable deposition of hydrous ferric oxide may 
be obviated as disclosed in lice Patent 2,304,850. 
They may also be used advantageously in the 
process of retarding the corrosion of metal by 
water as disclosed in. lice and Hatch Patent 
2,337,856. The molecularly dehydrated phos- 
phate glasses herein claimed may also be used to 
produce dispersion or deflocculation in suspen- 
sions of mineral marrer, such as clays, pigments, 
fillers, and finely divided metal oxides and salts 
in general. One specific application for which 
these phosphate glasses are particularly suited 
is the control of the viscosity of the drilling muïls. 
Among the very slowly soluble molecularly 
hydrated phosphate glasses which may be used 
according to the present invention, the following 
may be mentioned: 
1. The glassy molecularly dehydrated zinc 
phosphates, as for example, zinc metaphosphate 
glass or zinc tripolyphosphate glass. 
2. The glassy molecularly dehydrated alumi- 
hum phosphates, as for example, the glassy alumi- 
num metaphosphate glass or aluminum tripoly- 
ph6sphate glass. 
3. Mixed molecularly dehydrated phosphate 
glasses of sodium and calcium, sodium and mag- 
nesium, or calcium and magnesium, as for ex- 
ample, the metaphosphate glasses or the tripoly- 
phosphate glasses of sodium and calcium, or 
sodium and magnesium, or calcium and mag- 
nesium. 
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Glassy zinc metaphosphate may be ruade by 
heating monobasic zinc orthophosphate to de 
hydrate if, then fusing it at 1000 ° C. and then 
rapidly cooling it fo prevent the formation of 
{J crystals. Glassy zinc metaphosphate may be 
ruade in other ways. For example, a starting 
mixture may be prepared from zinc carbonate and 
orthophosphoric acid in the proportions of 1 mol 
of zinc carbonate fo 2 mols of the acid. This 
10 mixture is then heated to drive off the carbon 
dioxide and molecularly combined water at a rela- 
tively low temperature, preferably between 300 ° 
C. and 500 ° C. The mass is then heated fo 
sion which may require a temperature of 1OOO ° 
15 C. or greater, and the fused mass is then rapidly 
chilled as by casting on a metal plate or ruera] 
rolls to prevent crystallization on cooling. The 
formation of zinc metaphosphate glass is rep- 
resented by the following equation: 
20 (1) lZnCO3÷2II3PO4:lZnO.1P205 
glass÷3H20÷CO 
Zinc tripolyphosphate glass may be ruade in 
the saine manner as zinc metaphosphate glass 
25 except that the proportions of zinc carbonate to 
orthophosphoric acid are in the molar proportions 
of 5 to 6, the reaction being represented by the 
following equation: 
(2) 5ZnC03 ÷,6iPO4=5ZnO.3P205 
30 glass÷ 9H20÷5CO 
Aluminum metaphosphate glass or aluminum 
triployphosphate glass may be ruade by mixing 
alumina and orthophosphoric acid in the propor- 
35 tions required to form either the metaphosphate 
or the tripolyphosphate, heating the mixture fo 
drive off the molecularly combined water af a 
re]atively low temperature, preferably af about 
600 ° C., then heating the mass to fusion and 
40 quickly cooling it. -t is much more difficlt fo 
prepare glassy aluminum metaphosphate or 
aluminum tripolyphosphate because of the high 
temperature necessary to fuse if, which is in ex- 
cess of 1500 ° C. 
45 Equation 3 represents the formation of alumi- 
hum metaphosphate glass, and equation 4 the 
formation of aluminu,m triopolyphosphate g]ass. 
(3) 1A]203 ÷ 6H3PO4 --A120.3P20 glass ÷9I20 
(4) 5A1203÷ 18H3PO: 
50 5A120.9P205 glass÷27120 
A mixed calcium-sodium water-inso]uble or 
very slowly water soluble metaphosphate nay be 
ruade by starting with a mixture of sodium car- 
bonate, calcium carbonate, and orthophosphoric 
 acid. The starting materials should be in the 
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ratio of 1 mol of total carbonate te 2 mols of 
orthophosphoric acid. The properties of the 
mixed metaphosphates may be varied by con- 
trolling the ratio of sodium carbonate te calcium 
carbonat; Thu, if a mixd me_taPhosphate 
glass with a rate of solution greater than that 
of calcium metaphosphate but less than that of 
sodium metaphosphate is desired» 1 mol of 
sodi .um carbonate and ] mol of calcium car- 
bonate may be mixed with 4 mols of 0rth0- 
phosphoric acid and the mixture dehydrated, 
ïused and chilled, te give a glassy product with 
the approximate molar composition 0f 
1Na20.1CaO.2P205 
The reaction is represented OF equation 5. 
(5) 1Na2C'OE ÷ 1CaCOs ÷4HPO= 
1Na20.1CaO.2P205 glass÷6HO÷2CO. 
The product consists-analytically of 25 molar 
per Cenç Nage,; 25 m01sr per cen CaO; 50 molar 
per cent P20. 
ï A. xed Cal¢ium-sodr a waerrinsoluble or 
very sl0wlY water-solub!e tripol-yphosphate, glass 
may b rnade in the saine manner as the mixed 
C_tcu_ .m-sodiummeaphosphate glass except tha 
the starting materials are in amounts te supply 
a. ratio of-5 ols of total metal oxide t0 3 mols 
Of P205.. !t should be remembered that te 
dce 1 mol of P20 in the final composition, 2 ,-GO 
m0!s of 0rthoPh0sphoçi c acid would be required 
i n th e ini_t!al mixture if 0rthophosphoric acid 
were e, mployed te supplY the P20 in the final 
proiC t. The formation of one of the many 
possibte sodi.umrcalcium tripolyphosphate glasses 35 
i_s., epres_eped by equ_a!on 6. 
(6) , N2C0s -l- 3_CaC Os ÷6!-P O = 
2Na.2Q.3CaO.3P20, glass + 9ï-I20 ÷ 5C0- 
The product consists analyticlly of 25 molar 
l,er, cent Na=O;- /= mola-r per cent CaO; 37i/= 4O 
molar per cent 
" .Mixed magneiun-sodium molecularly dehy- 
drated Phosphate g!asse may be made with 
csmp-osiion corresponding te the metaphos- 
phste-or the tdpotyphosphate by startingwith 45 
a mixture of sodium carbonate, magnesiurn car- 
bonate and orthophosphoric acid in proper pro- 
portions as described for the production of cal- 
c .um-sodium molecularly dehydrated phosphate 
g_a.sS an poceeding in a similar manner. 50 
M i.'.xe_ d molecularly dehYdrte d phosphate 
ga.ss 0f ca!ci um a nd magnesiun may be made 
with compostion c0rresponding te the meta- 
pho_sphate composition or the tripolyphosPhate 
qompgsii0n by m! xiïg cac um carbonate,. . mag - 55 
nesium carbonate an_d phosphor_ic acid in the 
pr.ïqpè!proporton s, he_ating the mixture te drive 
off carbon dioxide and molecularly combined 
aterat a elativeiy iow temperature, pref- 
è_r.ably " between 300 ° C. and 500 » C., then heat- 60 
i.n.g the mass te fusion which may require a 
temperature of 1000 ° C. or greater, and chïlling 
th fusion a diÇclosed in connection with the 
pçqduction of zinc metaphsphae glass. The 
p.r_qducio.n o__ one of 
calcium-magnesium metaphosphate glasses is 
repesented OF equation 7, and the production 
of one of the rnany possible mixed calcium-mag- 
lesium triopolyph0sphate glasses by equation 8. 
(7) 1CaCO3 ÷IMgCO3 ÷4HPO-- 
1CaO.1MgO.2P205 glass÷6H20.÷2CO2 
(8) 2CaCO÷3MgCO3 ÷6HsPO4= 
2CaO.3MgO.3P.205 glass÷9H20÷5CO2 
Any suitable starting materials may be em- 
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ployed in the production oï the metaphosphate 
or tripolyphosphate glasses, the only requirement 
being that in the production oî metaphosphate 
glass the staling materials be in the proportions 
5 of 1 mo qf total metal oxide te 2 mols of phos- 
phoric acid or 1 mol of 'Pe0», while iï he case 
of the tripolyphosphate glasses the starting ma- 
terials should be in the ratio of 5 mols of total 
moral oxide te 6 mols of phosphoric acid or 3 
10 mç!s of 
I bave referred particularly in the preceding 
description te the production and use of the 
very SIowly soluble metaphosphates in which the 
mo!ar, ratio Of total metal oxide te PO» is 1:1 
15. (the PO» accordingly constituting analytically 50 
 motar per cent of the composition), and the 
tripdlyphosphates in which the molar ratio of 
total metal oxide te PO is 5:3 (the P20 ac- 
cordingly constituting -analytically 37/ molar 
2O per cent of the conposition). It will be urder- 
stood, however, that glassy molecularly dehy» 
drated ph0sphates of compositions intermediate 
the metaphosphate and tripolyph0sphate _may 
be used accrding te thWprçsent invention. Th e 
glassy molecularly dehydrated phosphates h.av- 
ing compositions intermediate the met_aphosphat¢ 
and the tripolyphosphate may be made in the 
saine general ïqanner as described for he pro- 
duction of the metaphosphate glass and trip01y- 
phosphate glass except that the rnolar raio of 
total metal oxide te PO» is between 1:1 and 5:3 
(i. e., the PO» constitutes ana!ytically_ from 50 
molar per cent te 37/ molar per cent of the 
composition). It is difficult te make molecularl: 
dehydrated phosphate glasses with a molar ratio 
o toçal moral oxide te PO'» exceeding that of 
5:3 corresponding to the ripolyphos.phate m- 
position. 
Frein equati_ons 5 and 6 if is evident that in 
bogh the sodium:calcium metaphosphate and in 
the sodium-calcimn tripolyphosphate, the 
consti%utës analytically 2 mo!ar per cent of th 9 
composition. The CaO varies from 25 molar per 
cent in the metaphosphate fo 37/ molar per 
cent in the tripolyphosphato. The PO varies 
from 50. molar per cent in the metaphosphate to 
3OE/2 molar per cent in the tripoly.phosphate. 
The terre "glassy molecularly dehydrated 
phosphate" as used heçein is intended to. inÇude 
the glassy metaphosPhates having a rio of 
toal moral oxide to P20' of i:i, the glassy tri 
polyphosphates having a molar ratio of total 
moral oxide fo PO of 5:3, and the glassy com- 
positions haing compositions intermediate the 
metaphosphate and tripolyphosphate wherein 
the molar ratio of total moral oxide to POs 
ranges between I:i and :3. All of these g]a§ses 
are rnolecularly dehydrated Ph0sphates since 
they may be considered as derived from orhol 
phosphoric acid or the salts thereof by dehy- 
dration which eects an atomic rearrangement 
within the phosphate molecule. 
I claim: 
A homogeneous vitreous material as a glassy 
water-so!uble fusion product consisting analyt- 
ically of the oxides: Na20,, P20 and CaO, the 
P20» being prisent to the extent of substan- 
tially 50 molar per cent of the total molar con- 
tent of said oxides, the CaO and NaO foming 
7O the remainder of said total ïolar content and 
each being present to an extent of about 25. 
molar per cent of the totul molar Content ofsai d 
oxides. 
GEORGE B. 
75 efercnces en fellewing page 
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